Breast cancer affects ~10% of women worldwide and is responsible for ~12% of all cancer-associated mortalities. Breast cancer is more prone to metastasis compared with other types of cancer. Up to 5% of patients with breast cancer present with incurable metastasis and an additional 10-15% of patients develop metastases within 3 years of their initial diagnosis. MicroRNAs (miRNAs) are short RNAs, 21-25 nucleotides in length, that have been shown to significantly affect gene expression. In total >2,000 miRNAs have been identified and specific miRNAs have been revealed to be associated with cancer. In the present study, we observed that the majority of breast cancer specimens collected expressed low levels of miR-202 compared with adjacent tissues and normal cell lines. Mechanistic investigations identified KRAS as a potential target gene of miR-202 and it was demonstrated that miR-202 exerted its tumor-suppressive effects by regulating the expression of KRAS in breast cancer cells. Functional assays revealed that miR-202 significantly reduced cell proliferation, migration and invasion in vitro. In summary, these results indicate the function of miR-202 in breast cancer progression and suggest that its use within breast cancer therapy is promising.
Introduction
Breast cancer is one of the most common malignant tumors in women. In many areas, breast cancer is the most common malignancy in females. In China, the incidence of breast cancer is increasing annually. Because the development and progression of breast cancer are complex processes involving many genes, the underlying mechanism of breast cancer remains unclear (1, 2) .
Single-stranded RNAs consisting of 19 to 25 nucleotides are known as microRNAs (miRNAs). These RNAs are regulatory molecules that modulate the expression of functional genes, play an important role in many biological processes, and are expressed in a tissue-and time-specific manner. miRNAs regulate gene expression at the post-transcriptional level mainly via completely complementary or partially complementary binding to the 3' UTR of the target gene, resulting in degradation or translational repression of the target gene (2) (3) (4) . Studies have shown that a variety of miRNAs are involved in malignant transformation processes, such as malignant proliferation, metastasis and recurrence, and apoptosis inhibition. Studies have reported that miRNA inhibitors can reduce the high miR-21 expression in breast cancer cells, inhibiting proliferation and migration; that miR-373 can promote the metastasis of breast cancer cells; that miR-520 plays a role in promoting the development of breast cancer; and that miR-126 and miR-335 are able to inhibit breast cancer to a certain extent (5) (6) (7) . Recent studies have demonstrated that miR-202 is associated with several types of cancer, miR-202 has a lower expression in several of cancers, and however, the expression and function of miR-202 have not been investigated in breast cancer (8) .
KRAS belongs to the RAS family; it is located on the short arm of chromosome 12 and is 35 kb long. KRAS is a downstream molecule of the EGF receptor. It possesses four exons and one 5' end non-coding exon, encoding a 189-aa RAS protein. This gene mainly functions in signaling pathways involving membrane receptors and cAMP. KRAS has the strongest influence on malignant cancer in the RAS family (9) (10) (11) (12) .
In our study, we found abnormal expression of miR-202 and KRAS in breast cancer. We also found that miR-202 may affect the proliferation and metastasis of breast cancer cells by regulating KRAS. Our results provide a new target for the diagnosis and treatment of breast cancer.
Materials and methods
Samples. Samples were collected from 30 patients (women aged 49-68 years) from May 2011 to 2013 at Zhongnan Hospital of Wuhan University (Wuhan, China). All patients reviewed the methods and significance of the study and provided written informed consent. The project was approved by the ethics committee for medical science research of Zhongnan Hospital
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of Wuhan University. All cancer tissues were pathologically confirmed to be breast cancer.
MicroRNA microarray analysis. A total of 500 ng of RNA was subjected to Agilent miRNA microarray analysis (Guangzhou RiboBio Co., Ltd., Guangzhou, China). Differences between groups were examined for statistical significance with an unpaired Student's t test.
Cell culture. 293, MCF7 and `-MB-231 cells were cultured in DMEM supplemented with 10% FCS (both Invitrogen; Thermo Fisher Scientific Inc., Waltham, MA, USA), 100 IU/ml penicillin and 100 mg/ml streptomycin (Shanghai Shenggong Biology Engineering Technology Service, Ltd., Shanghai, China) at 37˚C in a humidified atmosphere containing 5% CO 2 .
MTT assays. Cells were plated in 96-well plates at a density of 1x10 4 cells per well; 24 h later, the cells were transfected or treated as indicated. At the end of the incubation, cellular proliferation was measured by MTT assays. The optical density at 490 nm was measured using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Metastasis assay.
A total of 1x10 5 cells were seeded onto the upper part of a transwell chamber (BD Bioscience, Franklin Lakes, NJ, USA) containing a gelatin-coated polycarbonate membrane filter (pore size: 8 mm) for migration and invasion assays. Serum-free medium was added to the upper well, and medium containing 10% FBS was added to the lower well. After 24 h of incubation at 37˚C with 5% CO 2 , the filters were stained with crystal violet (Amresco, LLC., Solon, OH, USA). Five random fields were counted per chamber by using an inverted microscope.
Real-time PCR. Total RNA was isolated with TRIzol (Invitrogen; Thermo Fisher Scientific Inc.) according to the manufacturer's protocol. Complementary DNA was synthesized by reverse transcription of total RNA using an RT reaction kit (Promega Corp., Madison, WI, USA). Real-time PCR was performed according to the manufacturer's instructions. SYBR Premix Ex Taq (TaKaRa Bio, Inc., Otsu, Japan) was used as a DNA-specific fluorescent dye. The primer sequences in Table I were synthesized. All reactions were repeated at least three times. Gene expression levels were calculated relative to GAPDH or U6 with Stratagene Mx 3000P software.
Western blot analysis. Total proteins were extracted using radioimmunoprecipitation (RIPA) assay buffer (Wlaterson, Barcelona, Spain) and were quantified using a bicinchoninic acid (BCA) protein assay kit (Wlaterson). Equal amounts of protein (60 µg) were boiled at 100˚C for 5 min, separated on 12% sodium dodecyl sulfate polyacrylamide gels (SDS-PAGE), and electrotransferred to polyvinylidene fluoride (PVDF) membranes (Millipore, Bedford, MA, USA). The membranes were blocked with 10% skim milk (w/v) at room temperature for 2 h. Target proteins were probed with specific antibodies against KRAS and GAPDH (Santa Cruz, Biotechnology, Inc., Dallas, TX, USA). The membranes were stripped and re-probed with an antibody against GAPDH to verify equal loading.
Construction of stable siRNA-expressing cell lines. To stably silence KRAS, cells were transfected with the pRS-si-KRAS plasmid (Shanghai GeneChem Co., Ltd., Shanghai, China) and were selected with G418 (400 µg/ml). After 3 weeks, stable cells were selected, cultured and amplified.
Statistical analysis. All experiments were repeated at least three times. A log-rank test was used to evaluate the correlation between possible prognostic factors. Statistical significance between two groups of data was evaluated by Student's t test (two-tailed). One-way ANOVA and Dunnett's post hoc test were used for comparisons among multiple groups. Statistical analysis was performed using GraphPad Prism software (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate statistically significant difference.
Results
The expression of miR-202 and KRAS in breast cancer. Many miRNAs were abnormally expressed in breast cancer TACCAFCAACTCCAACGG  GAACCCAAGGCATCTCCA  GAPDH  AGAAGGCTGGGGCTCATTTG  AGGGGCCATCCACAGTCTTC  microRNA-202  CTCCAGAGAGAUAGUAGAGCCT  CTCAACCAATCACCTGGCACAGA  U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT tissue. We found that the difference in expression of miR-202 between breast cancer and normal tissues was the largest of the miRNAs identified in our study (Table II) . To determine the significance of miR-202 and KRAS expression in breast cancer, the expression of miR-202 was detected using real-time PCR in both breast cancer tissues and in human cell lines, including 293, MCF7 and MDA-MB-231 cells. miR-202 expression was significantly lower in breast cancer tissues than in adjacent tissues (Fig. 1A) . We found the expression of miR-202 in MCF7 cells and MDA-MB-231 cells was significantly lower than in normal 293 cells (Fig. 1B) . Meanwhile, KRAS expression was obviously up regulated in the 30 breast cancer samples analyzed. Similar results were also observed MCF7 and MDA-MB-231 cells (Fig. 1C, D) .
miR-202 inhibits KRAS expression in breast cancer cells.
A correlation analysis showed that miR-202 expression was negatively correlated with KRAS expression in breast cancer ( Fig. 2A) . The miRDB tool indicated that miR-202 could bind to the 3' UTR of KRAS (Fig. 2B) . A luciferase reporter assay was used to determine whether KRAS was a potential target gene of miR-202 ( Fig. 2C ). Co-transfection of KRAS-WT and miR-202 resulted in lower luciferase activity in 293 cells, while co-expression studies with either KRAS-DEL or miR-202 AS (antisense) showed no change in luciferase activity. Further, upon transfection of a miR-202 mimic, downregulation of KRAS expression was observed at both the protein and mRNA levels. Inhibiting miR-202 by transfecting cells with a miR-202 inhibitor resulted in upregulation of KRAS ( Fig. 2D-G) .
miR-202 inhibits the proliferation of breast cancer cells. An
MTT assay was used to examine the effect of miR-202 on cell proliferation. Overexpression of miR-202 significantly blocked the proliferation of both MCF7 and MDA-MB-231 cells (Fig. 3A) . By contrast, a lower miR-202 expression level promoted cell proliferation (Fig. 3B ).
miR-202 inhibits the metastasis of breast cancer cells.
To study the effect of miR-202 on the metastasis of breast cancer cells, transwell assays (with or without Matrigel) were performed. miR-202 significantly suppressed the migration and invasion potential of breast cancer cells ( Fig. 4A-D) .
The above results indicated that miR-202 could inhibit the growth and metastasis of breast cells, possibly by targeting KRAS.
miR-202 inhibits the proliferation and migration of breast cancer cells by targeting KRAS.
After generating stable si-KRAS-expressing cells, the cells were transfected with a miR-202 inhibitor or a control inhibitor. The effect of miR-202 inhibition on cell proliferation and migration was detected by MTT and transwell assays ( Fig. 5A-C) .
The results indicated that miR-202 inhibition restored the cell proliferation and migration that were blocked by si-KRAS. Western blot and real time PCR showed that miR-202 inhibition resulted in re-expression of the silenced KRAS ( Fig. 5D-E) .
The above results indicated that miR-202 could inhibit the growth and metastasis of breast cancer cells by targeting KRAS. 
Discussion
Breast cancer is one of the most common malignant tumors in the world and seriously affects women's physical and mental health. The incidence of breast cancer has been rising since the 1970s (13) . Despite marked improvement in the prognosis of breast cancer patients after surgery and adjuvant therapy, breast cancer still has a high rate of recurrence and mortality.
In recent years, with the development of targeted therapies for breast cancer, mortality has declined; however, the mortality rate of breast cancer remains high, and breast cancer is still a major threat to women's health. Therefore, it is important to elucidate the pathogenesis of breast cancer and develop new treatment strategies (14, 15) .
miRNAs are a group of non-protein coding, short, single-stranded RNAs that are considered to be promising molecular markers and therapeutic targets in several cancers. miR-202 has been identified as a potential tumor suppressor in various cancers. A previous study revealed that miR-202 upregulation induced novel anticancer effects upregulation in NSCLC and indicated that STAT3 may be a molecular target of miR-202. In human ESCCs, miR-202 regulated apoptosis by targeting HSF2 via mechanism involving caspase-3. A study also identified that miR-202 plays an important role in regulating cell proliferation, migration and invasion of cervical cancer (CC) by directly targeting cyclin D1, and miR-202 may represent a potential therapeutic target for patients with CC (16) (17) (18) (19) (20) (21) (22) . In addition, a previous study showed that an increased serum concentration of miR-202 may be a strong independent prognostic factor for breast cancer patients (20) . Mutations in KRAS lead to sustained activation of the RAS protein, independent of EGFR/HER receptor activation, and eventually cause abnormalities in the RAS signaling pathway. KRAS gene mutations can affect cell growth, proliferation, migration and differentiation and lead to malignant transformation of cells (23) (24) (25) .
In our study, we found lower expression of miR-202 in breast cancer cells and tissues, indicating that miR-202 may have an inhibitory effect on breast cancer. We identified several potential reasons why miR-202 may have an inhibitory effect on breast cancer. First, we found that miR-202 is negatively correlated with KRAS and can regulate the activity of KRAS to some extent. We also found that overexpression of miR-202 inhibited the proliferation of breast cancer cells. Conversely, when the expression of miR-202 was upregulated, the proliferative capacity of breast cancer cells decreased. Afterwards, we demonstrated that overexpression of miR-202 inhibited the migration and invasion of breast cancer cells. Via a recovery experiment, we also found that miR-202 inhibition could restore cell proliferation and migration blocked by KRAS silencing. In follow-up experiments, the authors intend to further study the effect of miR-202 on breast cancer in vivo.
In summary, our data clarified that miR-202 could inhibit the growth and metastasis of breast cancer cells by targeting KRAS. Although further in vivo tests are needed to confirm our results, our data provide an experimental basis for the treatment of breast cancer. 
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